Objective: Adolescent girls and young women (AGYW) have a much higher risk of HIV infection than young men of the same age. One hypothesis for this disparity is AGYW are more likely to be in sexual partnerships with older men with HIV; however, evidence has been inconclusive.
Introduction
In rural South Africa, the prevalence of HIV among adolescent girls and young women (AGYW) aged [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] years is 16% and is around five times as high as the prevalence in young men of the same age [1] . One hypothesis to explain this disparity is that young women frequently are in sexual partnerships with older men, who are more likely to be infected with HIV [2] [3] [4] and who are more likely to transmit HIV to AGYW due to risky sexual behaviours, including condomless sex [3, [5] [6] [7] , transactional sex [2] and having concurrent sexual partnerships with other women [4] .
Evidence from cross-sectional and ecological studies suggest that age-disparate partnerships (in which the male partner is 5 or more years older) contribute to the high risk of HIVamong AGYW in sub-Saharan Africa [8] [9] [10] [11] [12] [13] ; however, findings from longitudinal studies have been mixed. Two studies -a population-based study of women ages 15-29 years in rural KwaZulu-Natal, South Africa [14] , and a study of South African women ages 18-45 years enrolled in the VOICE microbicide trial [15] -both found that age-disparate partnerships were not associated with increased risk of incident HIV infection. Although more recent longitudinal evidence, including two studies in South Africa, support positive associations between older partner age and incident HIV infection. The first, a phylogenetic study, demonstrated that AGYW ages 15-24 years are being infected by older male partners [16] . The second, a population-based study, found that HIV incidence was highest among 15 to 24-year-old women with partners ages 30-34 years [incidence rate ¼ 9.7, 95% confidence interval (95% CI), 7.2-13.1], followed by partners ages 25-29 years (incidence rate ¼ 8.2, 95% CI, 7.2-9.4) [13] . These findings are also supported by study of young women ages 15-24 years in Zimbabwe, which found that increasing continuous partner age difference (adjusted hazard ratio ¼ 1.05, 95% CI: 1.01-1.09) and intergenerational partnerships (!10 years difference) were associated with increased HIV incidence [adjusted hazard ratio (aHR) ¼ 1.78, 95% CI: 0.96-3.29] [17] . The study did not find an association with intragenerational partnerships (5 to 9-year difference). Differences between the studies may be due to not controlling for important variables, including transactional sex; differences in population characteristics, including age, school enrolment, and HIV prevalence; and differences in study methodologies, including less private data collection approaches.
The aim of the current study is to determine whether age-disparate partnerships are associated with an increased risk of incident HIV infection among sexually active AGYW in rural South Africa and to examine how transactional sex and condomless sex affect this relationship.
Materials and methods

Study population
We use data collected during the HIV Prevention Trials Network (HPTN) 068 study, a randomized trial designed to examine whether providing cash transfers, conditional on school attendance, reduced risk of HIV acquisition in AGYW [18, 19] . We used these data to estimate the association between having an age-disparate relationship and incident HIV infection. The study enrolled 2533 AGYW age 13-20 years who were enrolled in high school grades 8-11 in the rural Bushbuckridge subdistrict of Mpumalanga Province, South Africa in 2011 [18] . The study area has a high HIV prevalence and high levels of poverty, unemployment and migration for work [20] . AGYW who were pregnant or married or had no parent/ guardian in the household were not eligible for study enrolment. To assess incident HIV infection, we included AGYW from the original study who were HIV negative at enrolment and had at least one other follow-up test. In addition, we only included AGYW who reported ever having had sex before or during the study. As a sensitivity analysis, we included all AGYW including those who reported never having had sex. The sensitivity analysis was done to ensure similar results given the high number of incident HIV cases in AGYW who reported never having had sex (44 infections).
During the main trial (2011-2014), AGYW were seen annually from enrolment until study completion or graduation from high school, whichever came first. An additional survey was done after the main trial around 1 or 2 more years postintervention ('postintervention visit'), adding to a total of up to 6 years of possible exposure time. During the main study period, participants could have up to three follow-up visits at roughly every 12 months. An additional HIV test was also done for some AGYW around the time of the AGYW's expected graduation from high school or when the study was completed to capture more person time (termed the 'graduation test'). This test was typically around 6 months after the previous annual visit and was before the postintervention visit, which occurred roughly 1-2 years after the intervention ended. Each study visit, with the exception of the graduation test visit, included an audio computer-assisted self-interview (ACASI) with the AGYW and her parent/ guardian and HIVand herpes simplex virus type-2 (HSV-2) testing for those who were negative at the previous visit. The graduation test visit included only an HIV and HSV-2 test.
Exposure, outcome and covariate ascertainment Partner age difference was calculated as the difference between the AGYW's age and the self-reported age of her oldest sexual partner (up to three partners) at each followup visit. The binary, time-varying exposure of having an age-disparate partnership was defined as having at least one sexual partner five or more years older at each study visit. Girls who did not report a partner at a given visit were coded as missing partner age in the main analysis. In the sensitivity analysis with all girls, girls without a partner were coded as not having an age-disparate partner. In addition, we examined partner age-difference continuously by taking the mean and maximum age difference from all reported partners. Because the results were similar, we report only maximum age difference. As a sensitivity analysis, we included all AGYW regardless of sexual activity and calculated age-difference exposures using the self-reported age of both sexual (up to three) and nonsexual (one, if not sexually active) partners. In addition, we ran another sensitivity analysis using sexual behaviours from the time period prior to HIV infection to further account for potential reverse causality due to not knowing the exact timing of HIV infection. [19] . HSV-2 testing was done using the HSV-2 IgG ELISA assay (Kalon Biological, Ltd, Guildford, UK) [21] . Testing was done at the site and confirmed at the HPTN Laboratory Center.
We used a directed acyclic graph (DAG) to select a minimally sufficient adjustment set of both time-fixed and time-varying covariates. Potential confounders were included in our DAG based on prior literature (Appendix Figure 1 , http://links.lww.com/QAD/B371). Confounders in the adjustment set were age at baseline, timevarying self-report of any alcohol use and time-varying enrolment or completion of secondary school. If a young woman was enrolled in school at a visit or had completed grade 12, she was defined as being enrolled or having completed school. We also adjusted for intervention assignment at baseline to account for study design; however, the cash transfer intervention did not have an effect on incident HIV infection. We examined models adjusted for wealth, depression and low sexual relationship power score (SRPS) but did not include these in the final model, as results were similar. Depression was defined as having a children's depression inventory score at least 7 at baseline [22] or a Center for Epidemiologic Studies Depression (CESD) score at least 16 at any followup visit [23] . Relationship power was assessed using the South African adaptation of the Sexual Relationship Power Scale (SRPS) [24] . High power was defined as having an SRPS score in the top two-thirds of the distribution.
As an exploratory analysis, we also examined models that accounted for any condomless sex in the last 3 months and transactional sex (given money or gifts in exchange for sex), both self-reported. Descriptively, we looked at wealth in quartiles according to household assets, selfreport of risky sexual behaviours (any condomless sex, transactional sex and number of partners in the last 12 months) and revised children's manifest anxiety score [25] , depression, and high sexual relationship power score [24, 26] .
Because ACASI information was not collected at the graduation visit, we kept only HIV test information from graduation visits that were within 6 months of the previous visit and carried forward ACASI data from the last visit. We did this to minimize bias in carrying the last observation forward [27] , assuming that information within 6 months would be similar to what was reported at the previous visit. For all other study visits, we carried forward data missing covariate information from the last observation, as we did not expect answers to vary dramatically and missing data were minimal (<10%). We did not carry forward exposure or sexual behaviour information, except as described above. We only used observations with complete cases for the exposure, but missing data were minimal (<10%).
Statistical analysis
To estimate the effect of having an age-disparate partnership on time to incident HIV infection, we used inverse probability-of-exposure weighted survival curves and a marginal structural Cox model [28] . The origin for each AGYW was the date where she became sexually active. As sexual initiation would have occurred sometime between surveys, the time she entered the risk set was the time of the last survey. If she was sexually active at baseline, this date was the date of enrolment in the study. Time was modelled in continuous months from this date of origin until date of detection of HIV infection, date of visit before loss to follow up, outmigration or administrative censoring at the last visit.
We estimated crude and weighted cumulative incidence (risk) of incident HIV infection using the extended Nelson-Aalen estimator with inverse probability of exposure weights (IPW) [29, 30] . IPW was used to produce curves for the cumulative incidence of HIV infection comparing having an age-disparate partnership (!5 years) to not having an age-disparate partnership, standardized to the covariate distribution in the entire study sample to account for confounding [31, 32] .
We then used these curves to calculate standardized risk ratios and risk differences comparing cumulative incidence of HIV by age-disparate partnership at different time points (at 1.5, 2.5, 3.5, 4.5 and 5.5 years). We used 5.5 instead of 6 years (total) follow-up time as the risk set became small after 5.5 years. CIs were calculated for the survival curves using the standard deviation of a nonparametric bootstrap calculated from 200 full samples (with replacement) from the observed data [33] .
Cox proportional hazards models were used to compare hazards of incident HIV infection by age-disparate partnership over the entire study period. The Efron method [34] was used to account for tied data and the Cox proportional hazards assumption was assessed by including a product term between the exposure and time; we found no violation [35] . In addition, we examined effect modification by age at study entry [i.e. first sexual activity; (age 13-14, 15-16, 17-18 and 19þ years], school status (in school versus out of school) and visit by fitting a different model for each subgroup.
We accounted for confounding in the cox model and survival curves using IPW [36] , which were calculated using a pooled logistic regression model for the exposure conditional on confounders [37, 38] . To increase the efficiency of our estimator, weights were stabilized and were examined descriptively to ensure a mean of one [36] . For continuous maximum age difference, we binned the exposure into five groups before creating weights [39] . To adjust for potentially informative censoring due to differential loss to follow up by AGYW age and exposure status, we multiplied our IPW by time-varying inverse probability-of-censoring weights. Pooled logistic regression models analogous to the previous IPW were used to estimate censoring weights [28, 38, 40] . Censoring weights included the exposure and age at baseline to account for potential differential loss to follow-up. SAS version 9.3 (SAS Institute, Inc., Cary, North Carolina, USA) was used for all analyses.
This study was primarily funded by awards from the National Institutes of Health. The funder had no role in the analysis of data, interpretation of results, writing of report or decision to submit for publication. The original study design was reviewed, approved and overseen by the funder [19] . The corresponding author had full access to the data and made the final decision to submit for publication.
Results
From the 2533 young women enrolled in the original trial, our analysis included 1626 AGYW who were HIV negative at baseline, had at least one follow-up HIV test and reported ever having had sex before or during the study period. A total of 146 incident HIV cases occurred during the study. At baseline or the first visit where AGYW became sexually active, the median age was 16 years, 94.0% were enrolled or had completed high school, 5.7% were a double or single orphan, and 32.5% had ever been pregnant (Table 1 ). Roughly 19% (N ¼ 304) reported having an age-disparate partnership (!5 years); these AGYW were more likely to have ever been pregnant, have condomless sex, have more than one partner in the last 12 months, be infected with HSV-2, have transactional sex and report low sexual relationship power. We did not find differences by age, wealth, randomization arm, school enrolment or completion, orphan status, alcohol use or depression. After IPW weighting, covariates were balanced by exposure status.
Risk of incident HIV infection increased over the study period and was higher for girls with an age-disparate partnership compared with not (Fig. 1) . The difference between the curves was largest at the end of the follow-up period with differences becoming more pronounced at 4 years. This increased difference corresponds to timing of the postintervention visit when AGYW were older and the majority had left or completed school. At 5.5 years after enrolment, the standardized (accounting for confounding) risk of HIV in AGYW with an age-disparate partnership was 29.5% compared with 16.9% in those without an agedisparate partnership for a standardized risk difference of 12.6% (95% CI 1.9-23.3) and standardized risk ratio of 1.74 (95% CI 1.13-2.68) ( Table 2 ).
Over the study period, 62 incident HIV infections occurred in girls with an age-disparate partnership (!5 years) and 84 infections were in girls without an age-disparate partnership ( Three HIV cases missing age difference information, one of these is also missing condomless sex. visit when more girls had older partners ((!5 years; 28.9%).
In addition, after expanding the sample to include those who reported never having sex during the study, results were similar and more precise, although the hazard ratio for the effect of binary age-disparate partnership was larger and the continuous exposure did not indicate an effect (Appendix Table 1 , http://links.lww.com/QAD/ B371). Results were also similar in a sensitivity analysis using the exposure from the prior rather than concurrent time period of HIV infection (Appendix Table 2 , http:// links.lww.com/QAD/B371).
Discussion
Overall, young women with an age-disparate partnership (!5 years) had an increased risk of incident HIV infection over the study period. The relationship between partner age difference and incident infection was robust when defining age difference continuously or categorically and after adjusting for transactional sex and condomless sex. In addition, risk ratios and risk differences increased over time in the study and we found a greater hazard of HIV infection associated with the postintervention visit and being out of school.
Our results are consistent with several, recent longitudinal studies showing that young women with older partners are more likely to be exposed to HIV infection, including two studies in KwaZulu-Natal, South Africa and one in Zimbabwe [13, 16, 17] . In Zimbabwe, increasing continuous partner age difference was associated with a modest increase in HIV incidence (adjusted hazard ratio ¼ 1.05, 95% CI: 1.01-1.09), which is similar to the estimate reported in our study [17] . However, when age differences were examined categorically, only intergenerational partnerships (!10 years difference) were associated with increased HIV incidence (aHR ¼ 1.78, 95% CI: 0.96-3.29). These findings may be due to the fact that partner age differences of greater than 10 years were rare in our study population (2.6%) but made up 21% of partnerships in the Zimbabwe study.
Researchers previously hypothesized that one possible explanation for the lack of an association between older partner age and incident HIV infection among earlier longitudinal studies may be due to the fact that although older men are more likely to be HIV infected than younger men, younger HIV-infected men are more infectious because they are more likely to be recently infected and less likely to be on ART [14, 15] . However, two recent studies examining the association between older partner age and HIV infection among AGYW found that this relationship did not vary during pre versus post-ART eras [17, 41] . Moreover, data from the most recent South African National HIV survey (2012) suggest that men in age-disparate partnerships with women ages 15-24 years are more likely to be HIV positive and ARTnaive than men in similar-age partnerships [42] .
Several key differences may explain conflicting results from earlier longitudinal studies. In the Harling study, partner data were collected only from the most recent sexual partner (which may have biased the sample towards longer partnerships) [14] , although in the VOICE trial, partner data were limited to only primary partners (which may have biased the sample towards safer, more socially acceptable partners) [15] . Thus, reported partners in these studies may not represent all sexual partners and may exclude the highest risk partners. In contrast, AGYW in our analysis could report up to three sexual partners at each study visits with no constraints on partner type. The Harling study also used face-to-face interviews by fieldworkers from the local community, rather than more anonymous data collection methods such as ACASI, which may have resulted in social desirability bias [43, 44] .
Descriptively, we found that AGYW with older partners were more likely to practice other risky sexual behaviours (have a greater number of partners, transactional sex and have condomless sex) and be infected with HSV-2. However, we found that the increase in incident HIV infection due to age-disparate partnerships is not entirely attributable to transactional sex or condomless sex. Rather, in this context, the relationship between partner age and HIV risk is likely due to increased exposure to men in a higher HIV prevalence pool.
Given that the relationship between age-disparate partnerships and HIV acquisition was higher during later time periods, it is critical that HIV prevention interventions address this vulnerable period of transition. Once girls have left or completed school, they are more likely to begin starting a family, have older partners and migrate to seek work or for postsecondary education [45] . HIV prevalence in same age partners and other girls is also higher during this time likely leading to an increased risk of infection through sexual networks. Interventions should include efforts to reduce the risk of HIV transmission to AGYW through biomedical interventions -such as increasing access to preexposure prophylaxis (PrEP) among AGYW with older sexual partners, and increasing HIV testing and rapid linkage, retention in HIV care and sustained viral suppression among men with AGYW sexual partnersand structural interventions such as creating supportive and structured environments wherein AGYW can spend time with peers and develop protective life-skills through vocational training, tertiary education and employment opportunities.
In this study, sexual behaviours were measured using ACASI to minimize the potential for social desirability bias [43] . However, misreporting on sexual behaviours is apparent in the number of incident HIV cases (N ¼ 44) among AGYW who reported never having had sex. Because AGYW were tested for HIV after they were interviewed and were not commonly tested outside of the study, it is unlikely that this misreporting is related to HIV status, resulting in bias towards the null. Nonetheless, to address this concern, we conducted a sensitivity analysis using the full AGYW sample, and results were similar (Appendix Table 1 , http://links.lww.com/QAD/B371).
There are a few other limitations to our study. First, as the exact timing of HIV infection among AGYW was unknown, HIV infection may overlap with the period of exposure assessment ('most recent' reported partners). Again, HIV status was unlikely to influence partner age (resulting in reverse causality) because AGYW were unlikely to know their status and a sensitivity analysis showed results were the same when using exposure from the prior visit. Second, our data are from a single-site and are nested in a randomized trial. Therefore, results may vary in other populations or may have been affected by participation in the trial. For example, given modification by school status, we may expect this relationship to be stronger in populations wherein more girls are out of school. It is also possible that HIV incidence was higher during later time periods due to the end of the cash transfer intervention. However, the cash transfer was not associated with HIV infection or age-disparate partnerships [19] . Lastly, our results assume no unmeasured confounding. Specifically, we estimated the total effect of age-disparate partnerships on incident HIV accounting for measured variables. We did not have information about sexually transmitted infections other than HSV-2, which may be related to HIV acquisition.
Having a relationship with an older partner was associated with an increased risk of incident HIV infection in AGYW.
The relationship between age-disparate partnerships and incident HIV remained after accounting for transactional sex and condomless sex and was larger during later time periods. The relationship between partner age and incident HIV infection may be explained by increased exposure to infection by men in a higher HIV prevalence pool.
Interventions to prevent HIV should target AGYW who are more likely to be exposed to HIV (e.g. with older partners) and men who have AGYWas sexual partners, and should include biomedical interventions, such as PrEP. Future interventions should consider not only individual behaviours but also factors that are context dependent, including how to intervene in partnership networks to reduce the possibility of exposure to infection. 
